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@ Oxidation process. 

(sr) Method end apparatus for monitoring the reaction 
between a metal, and/or metal oxide, reactive with nitrous 
oxide wherein a mixture of nitrous oxide and a diluent is 
passed through a bed of a material containing the metal, or 
metal oxide, and the time to a marked change in the exit gas . 
composition is determined. The procedure is of particular 
utility for metal surlece aree determination. 
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Oxidation process 

This invention relates to an oxidation process , and 
apparatus therefor, and in particular to the reaction of 
nitrous oxide with metals and metal oxides. 

When nitrous oxide is contacted with certain metals, 
e.g. copper, iron, cobalt, nickel, and silver, or with certain 
metal oxides that can be oxidised to a higher Btate, e.g. 
magnetite, the nitrous oxide is decomposed, oxidising the metal 
-or metal oxide (hereinafter termed the active material) and 
producing nitrogen (see, for example, Trans. Faraday Soc 65 , 
1969, pages 2465 - 73). This reaction occurs only at the 
surface of the active material and so can be used to determine 
the surface area of the active material, particularly where the 
active material has a high surface area, typically above about * 
1 m^.g"* 1 , as is often the case in materials for use as 
catalysts. 

Heretofore three methods making use of this reaction 
have been employed for determination of surface areas, viz 
gravimetric, static, and pulsed flow, techniques. 

The gravimetric method simply involves determining 
the weight of the sample before and after exposure to nitrous 
oxide. Provided care is taken good accuracy can be achieved. 
However the tec hni que is time consuming and not suited to 
routine measurements, e.g. as part of a quality control 
procedure in catalyst manufacture. 

The static method involves leaving the sample in 
contact with nitrous oxide in a sealed apparatus, then cooling 
to liquefy the excess of nitrous oxide and measuring the amount 
of nitrogen produced. This technique again is inconvenient, 
time cons umi ng, and gives only a moderate accuracy. 

The pulsed flow method involves contacting the sample 
periodically with pulses of a known amount of nitrous oxide and 
determining the nitrogen/ nitrous oxide ratio in the exit gas 
corresponding to each pulse. Again the technique is 
inconvenient, time consuming and gives only a poor accuracy: 
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we have found that this technique often gives an accuracy of no 
better than + 10Z. 

We have now devised a simple, quick, accurate, 
method, and apparatus suitable therefor, of monitoring the 
reaction, based on the finding that the reaction is 
sufficiently rapid to enable a continuous flow, reactive 
front, anal ytical technique to be employed. 

Accordingly we provide a method of monitoring the 
reaction between nitrous oxide and a material containing at 
least one metal, and/or metal oxide, that reacts with nitrous 
oxide comprising passing a mixture of nitrous oxide and an 
inert diluent other than nitrogen continuously through a bed 
of the material at a known rate and determing the time 
interval between (a) the onset of the appearance of nitrogen 
and (b) the onset of the appearance of nitrous oxide, or the 
time at which there is a rapid fall of the nitrogen content, 
in the exit gas* 

We also provide apparatus comprising M^rm to pass 
continuously a mixture of nitrous oxide and an inert diluent 
at a known rate through a bed of a material containing at 
least one metal, and/ or metal oxide, reactive to nitrous 
oxide, and means for distinguishing between the presence of 
nitrogen and the presence of nitrous oxide in the exit gas. 
The time interval between the appearance of 
25 nitrogen and the appearance of nitrous oxide (or the rapid 
decline of nitrogen which is virtually coincident with the 
appearance of nitrous oxide) in the exit gas, multiplied by 
the proportion of nitrous oxide in the influent gas mixture, 
multiplied by the flow rate of the influent gas mixture, 
30 gives the amount of nitrogen produced. From this, in conjunc- 
tion with published data, or by reference to calibration using 
a sample having a known surface area of active material, the 
surface area of active material can be determined. It is to 
be noted that no analysis of the exit gas is necessary, 
35 although if the method of detection of nitrogen in the exit 
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gas also measures the proportion thereof , this can be used to 
determine, or as a check, on, the proportion of nitrous oxide 
in the influent gas mixture. 

The diluent gas should be inert: helium is a 
5 preferred diluent. The flow rate of the diluent /nitrous 

oxide gas mixture through the sample is preferably constant 
and is selected, in conjunction with the proportion of 
nitrous oxide in the gas mixture, to give a convenient time 
interval, which is preferably in the range 2 to 30 minutes, 
10 between the appearance of nitrogen and the appearance of 
nitrous oxide in the exit gas. 

In an alternative, but less preferred, form of the 
invention the diluent employed is nitrogen. In this case the 
time interval between commencement of flow of the nitrous 
15 oxide containing gas through the sample and the appearance of 
nitrous oxide in the exit gas is determined. Since the 
reaction between nitrous oxide and the active material in the 
sample is relatively rapid, a small correction, based on the 
flow rate, to this time interval enables the time during 
20 which nitrous oxide is reacting to be determined. In some 
cases sufficiently accurate results may be obtained without 
the need for such a correction. Measurement of this time 
interval may also be employed where the diluent is not 
nitrogen and the detector merely indicates the time from 
25 commencement of the flow of the nitrous oxide/diluent gas 
mixture to the time at which nitrous oxide appears in the 
exit gas. 

The use of a diluent has the advantage that heating 
of the sample as a result of exothermic reaction between the 

30 active material and nitrous oxide is minimised. Such 

heating, which is liable to occur in techniques, such as the 
aforementioned gravimetric, static, or pulse flow, methods 
employing undiluted nitrous oxide, can give rise to over 
oxidation of the active material, i.e. oxidation of part of 

35 the bulk thereof rather than just the surface and hence give 
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rise to errors. 

The proportion of nitrous oxide in the nitrous 
oxide/diluent mixture is preferably in the range 0.5 to 15, 
particularly 1 to 10, Z by volume. 

The temperature at which the reaction is effected 
will depend on the nature of the active material. For metals 
such as copper, cobalt, iron, nickel, and silver, the bed is 
preferably maintained at a temperature below about 70°C: 
temperatures as low as -80°C can be used but normally 
temperatures in the range 0 - 60°C are usefully employed and 
precise control of the temperature within thiB range is not 
normally essential. Oxidic active materials normally require 
significantly higher temperatures. It has been reported, 
e.g. in the aforementioned Trans. Faraday Soc. reference, 
15 that with copper as the active material, different exposed 
copper crystal planes have different reactivities. We have 
found that, at temperatures in the range 20 - 60°C the 
reaction is so fast that such different activities have no 
significant effect on the value obtained for the active 
20 copper surface area. However if it is desired to assess the 
proportion of different exposed crystal planes, determination 
of surface areas at a series of lower temperatures may be 
performed. 

The presence of nitrous oxide and, where the 
diluent is not nitrogen, the presence of nitrogen, in the 
exit gas can conveniently be detected by means of a mass 
spectrometer. Alternatively a katharometer can be employed 
to detect changes in thermal conductivity given by changes in 
the exit gas composition and hence to detect the appearances 
of nitrogen and nitrous oxide respectively. 

While the pressure at which the reaction is 
performed may be at any level, the pressure is conveniently 
at, or just above, atmospheric, e.g. 1-2 bar absolute. 

The apparatus of the invention, particularly for 
routine or laboratory experimental use, is conveniently 
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automated In known manner. 

In many cases it is desirable to ensure that the 
effects of oxidation of the active material by exposure to 
the air, e.g. during charging of the sample to the apparatus, 
5 are eliminated. Thus it is often desirable to subject the 
sample to an appropriate reduction procedure prior to 
effecting the reaction with nitrous oxide. Normally 
reduction can be achieved by passing a gas comprising a 
reducing agent, such as hydrogen or carbon monoxide, prefer- 

10 ably in admixture with an inert diluent such as helium or 

nitrogen, through the sample bed at a temperature, and for a 
time, sufficient to effect the required reduction. In a 
preferred form of the invention, where the apparatus is auto- 
mated, this reduction step may also be programmed into the 

15 operation of the apparatus. In that case the latter will 

normally include means for heating the sample bed to the re- 
. quired reduction temperature and means for passing a reducing 
agent through the bed prior to passage of the nitrous oxide/ 
diluent mixture therethrough. Between reduction and passage 

20 of the nitrous oxide/diluent mixture, the sample is prefer- 
ably purged with an inert gas, e.g. to remove any residual 
reducing agent, and, where the latter was employed in 
admixture with nitrogen and the diluent in the nitrous oxide/ 
diluent gas mixture Is not nitrogen, any residual nitrogen. 

25 The sample bed should be in such a form that the 

influent nitrous oxide/diluent gas mixture flows therethrough 
in a substantially plug flow manner with no significant route 
for the influent gas to by-pass the bed. To ensure 
essentially plug flow, the ratio of the length of the sample 

30 bed to the maximum cross-sectional dimension thereof is 

preferably at least 1, and in particular is at least 2. To 
avoid significant by-pass of the bed, the latter should 
occupy essentially the whole cross-sectional area of the 
vessel through which the gas mixture is passed. While in 

35 some cases the sample may be in the form of, for example, a 
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single pellet within a close fitting tube, it ia preferred 
that the bed comprises a plurality of particles of the 
sample, which may comprise the active ma trial in admixture 
with particles of a diluent material such as alumina, having 
a maximum dimension that is less than about one third of the 
minimum cross-sectional dimension of the vessel. 

Since there is often a shrinkage of the bed as a 
result of a reduction step, to ensure adequate packing of the 
sample bed to minimise by-passing of the bed by the nitrous 
oxide/diluent gas mixture where such a reduction step is 
employed, the bed is preferably disposed in an elongated 
vessel, e.g. a tube, having its longitudinal axis vertical. 

The technique of the present invention may be used 
not only on a small laboratory scale but also for the 
assessment of the surface area of active material in a bed 
employed in a production process: for example, since the 
activity of a catalyst often depends on the surface area of 
active material, and this surface area often decreases after 
a catalyst has been in use for some time, e.g. as a result of 
sintering and/or poisoning, by measurement of the surface 
area of active catalyst in a plant catalytic reactor, an 
indication can be given of the residual activity of the 
catalyst and hence an estimate made of its useful life. 

This method of assessing catalytic activity can 
also be used in the laboratory for comparison of different 
catalysts and/or the effect of changing process conditions on 
the rate of catalytic activity de cli ne. 

Another; use of the invention is to monitor 
processes wherein an active material is surface oxidised to a 
30 predetermined extent: thus it is often desirable to surface 
oxidise catalytically active metals to passivate them prior 
to transport and charging to a catalytic reactor wherein the 
surface oxidised metal is subsequently reduced to active 
metal. The present invention can be used to determine 
whether all the active material has been passivated. 
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An example of the invention is illustrated by 
reference to the accompanying drawings wherein Figure 1 is a 
line diagram of the apparatus and Figure 2 is a trace given by 
the nitrogen detector employed in the apparatus. 

The apparatus comprises three gas inlet lines 1, 2, 3 
fitted with reducing valves (not shown) to supply gases at a 
pressure of Just above 1 bar absolute. Gas lines 1, 2 and 3 
were connected to supplies of a nitrous oxide /helium mixture 
(reaction gas), helium (purge gas), and a hydrogen/nitrogen 
mixture (reduction gas) respectively. Valve coupled flow 
meters 4, 5 are provided to control, and measure, the rate of 
gas flow through lines 1 and 3 respectively. The apparatus 
further includes an oven 6 in which a vertically mounted 
reaction tube 7 containing the sample to be investigated is 
located. The gas supply to the reaction tube can be selected 
by valves 8 and 9. An oxygen removal column 10, situated in 
oven 6, is provided in the line 11 between valves 8 and 9 to 
remove any residual oxygen from the purge gas. The column 10 
is positoned between valves 8 and 9, rather than in line 2 
before valve 9, so that the reduction gas is passed through the 
column 10 to regenerate the latter during the reduction step. 
Likewise col umn 10 is positioned upstream of valve 8 because 
otherwise nitrous oxide would be absorbed by column 10. The 
exit gas from reactor tube 7 is fed, via line 12, to a detector 
13 e.g* a katharometer and/or a mass spectrometer. 

Oxygen removal, i.e. by column 10, from the purge gas 
is desirable to avoid oxidation of the active material by 
oxygen present as an impurity in the purge gas which is used to 
purge reactor tube 7 after the reduction step. Provided the 
reaction gas has a relatively low oxygen content, e.g. below 10 
ppm (by volume), no oxygen removal stage is generally required 
in the reaction gas line 1 because the amount of oxidation by 
* that residual oxygen will generally be negligible in comparison 
to that effected by the nitrous oxide* 

The reactor tube 7 employed had an internal diameter 
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of about 6 nn and was charged with a weighed quantity of the 
sample that had been pulverised to a particle sire below about 
1 mm. The sample quantity employed waa sufficient to give 
about 5 - 6 cm length in tube 7. The sample bed was retained 
in tube 7 by means of a plug of quartz wool at the base (outlet 
and) of tube 7. The tube 7, after charging the sample thereto, 
was purged of air by means of purge gas from line 2 and then 
the feed to tube 7 switched to the reduction gas (which 
contained about 52 by volume hydrogen) from line 3. The oven 
temperature was then increased at a controlled rate to the 
desired reduction temperature and, after a predetermined time 
at that temperature, cooled to the desired reaction 
temperature . 

The gas feed was then switched to line 2 to purge the 
reactor tube 7 of residual hydrogen and nitrogen. Then valve 8 
was switched to introduce the reaction gas. The appearance of 
nitrogen in the exit gas, as detected by detector 13, occurred 
shortly after switching valve 8. The proportion of nitrogen In 
the exit gas rose rapidly to a peak and remained constant, or 
declined slightly, for a period of time, and then dropped 
rapidly. At the same time as the nitrogen content dropped 
rapidly, nitrous oxide appeared in the exit gas. The time 
interval between the appearance of nitrogen In the exit gas and 
the rapid fall in the nitrogen content thereof was measured and 
then valve 8 switched to allow the purge gas from line 2 to 
purge the system. 

In a specific example 2.285 g of a pulverised copper/ 
zinc oxide/alumina catalyst was employed as the sample giving a 
bed of 5.5 cm length. The reduction gas flow rate was 2.5 
cm -s -1 , ( aC OTP). The reactor tube 7 was heated from ambient 
temperature to 230°C at a rate of 0.13°C.s -1 , held at 230°C for 
2 hours and then allowed to cool to 50°C. Using a reaction gas 
containing 2.45Z by volume of nitrous oxide at a rate of 0.91 
cm 3 .s 1 (at OTP) and a mass spectrometer to monitor the exit 
gaa for nitrogen, the trace shown in Figure 2 was obtained. In 



BEST AVAILABLE COPY 



0202824 



9 B 33487 

this trace switching of valve 8 occurred at zero time. 
Nitrogen was first detected about 30 seconds after switching 
valve 8 .and reached a peak about a further 30 seconds* During 
the next 10^ minutes the trace showed a slow decline in 
5 nitrogen content and then dropped rapidly to a residual level 

(which arose as a result of some decomposition of nitrous oxide 
in the mass spectrometer). The time interval (t) between the 
onset of the appearance of nitrogen and the start of the rapid 
decline in nitrogen content was 11.2 minutes. 

10 Calculation showed that the volume of nitrogen 

produced by the reaction in time t was 14.9 cm 3 (at NTP) from 
which it was calculated that the copper surface area of the 
catalyst was 32.7 m^.g" 1 using the assumption that there were 
0-5 x 10 15 oxygen atoms per cm 2 of copper surface by virtue of 

15 the reaction 

N 2 0 + Cu > Cu 2 0 + N 2 

giving a half monolayer coverage of the copper by oxygen. 

A similar result was obtained in a repeat 
determination on another sample of the catalyst using a 
20 katharometer as the detector. Repeat determinations showed 
that the reproducibility was about jh 2X. 

The results correlated well with those given by a 
gravimetric technique. 

By simple modification of the apparatus it is 
25 possible to have several reaction tubes 7 in parallel with 

appropriate valves so that the samples therein can be reduced 
at the same time under identical conditions and then subjected 
to the reaction gas in sequence. 
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1. A method of monitoring the reaction between nitrous 
oxide and a material containing at least one metal, and/or 
metal oxide, that reacts with nitrous oxide comprising 
passing a mixture of nitrous oxide and an inert diluent, 
other than nitrogen, continuously through a bed of the 
material at a known rate and determing the time interval 
between (a) the onset of the appearance of nitrogen and (b) 
the onset of the appearance of nitrous oxide, or the time at 
which there is a rapid fall of the nitrogen content, in the 
exit gas. 

2. - A method of monitoring the reaction between nitrous 
oxide and a material containing at least one metal, and/or 
metal oxide, that reacts with nitrous oxide comprising 
passing a mixture of nitrous oxide and an inert diluent 
continuously through a bed of the material at a known rate 
and determing the time interval between (a) the commencement 
°f flow of the nitrous oxide/diluent gas mixture and (b) the 
appearance of nitrous oxide in the exit gas - 

3 - A method according to claim 1 or claim 2 wherein 

the nitrous oxide/diluent gas mixture contains 0.5 to 15Z v /v 
of nitrous oxide. 

4. A method according to any one of claims 1 to 3 

wherein the material contains copper, cobalt, iron, nickel, 
or silver and the bed is maintained at a temperature below 
70°C. 

5- A method according to any one of 1 to 4 

wherein, prior to commencement of the passage of the nitrous 
oxide/diluent mixture, a gas comprising a reducing agent is 
passed through the bed, and then the bed is purged with an 
inert gas. 

°* Apparatus comprising means to pass continuously a 

mixture of nitrous oxide and an inert diluent at a known rate 
through a bed of a material containing at least one metal, 
and/or metal oxide, reactive to nitrous oxide, and means for 
distinguishing between the presence of nitrogen and the 



bEST AVAILABLE COPY 



020 



11 B 33487 

presence of nitrous oxide in the exit gas* 

7- Apparatus according to claim 6 wherein aaid means 

for distinguishing between the presence of nitrogen and the 
presence of nitrous oxide is a mass spectrometer or a 
lcatharometer • 

8. Apparatus according to claim 6 or claim 7 including 

a source of the nitrous oxide/diluent mixture and a source of 
a purge gas and means for switching from flow of purge gas to 
flow of said nitrous oxide/diluent mixture. 

9- Apparatus according to claim 8 including means to 
remove oxygen present as an impurity from at least the purge 
gas. 

10- Apparatus according to claim 8 or claim 9 including 
a source of a gas containing a reducing agent and means for 
switching from flow of said gas containing a reducing agent 
to flow of the purge gas* 
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